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Abstract. In the last decade, the emergence of leaf disease 
caused by the fungus Mycosphaerella sp. is jeopardizing the 
development of some species of the genus Eucalyptus at its 
juvenile life stage. 
 
The development of forest species for energy purposes, namely 
to generate biomass in shorter periods, must take into account 
this circumstance at the time of measuring the energy density 
generated by these species. 
 
This paper defines a method which relates the measure of the 
severity of the disease with the energy lost per Ha.  
 
First, it has been characterized from the energy point of view, 
thus, it has quantified the calorific value of the biomass of 
Eucalyptus globulus decomposing it in their respective fractions 
at certain moisture. Then, depending on the degree of severity 
of the disease, it has been estimated the amount of dry biomass 
per tree at the age of 27 months and crossing it with the 
calorific values it has been determined the energy loss per unit 
of area according to the overall damage index.  
 
Finally, a brief economic analysis considering the consequences 
of this disease in a stand of Eucalyptus globulus for energy 








The energy of the biomass plays an important role as one 
of the power sources of the future. This is due to two 
characteristics: (1) neutrality in the emissions of CO2, 
and (2) relative abundance and uniformity to a world-
wide level. It could provide from the 14 to the 50 percent 
of the total energy consumed in the world [1]. 
 
On the other hand, it is necessary to consider the 
environmental benefit of the use of the biomass like 
primary source of energy, mainly by his effectiveness in 
the reduction of the greenhouse effect [2]. 
 
Vegetal species of fast growth are one of the suitable 
ways to take advantage of the potencial power of the 
biomass. This allows us to avoid the operation of native 
forest of high ecological value. These species are 
commonly called energy crops and they must meet 
mainly two premises: (1) to adapt to the territory in that 
they are cultivated, and (2) to have a good energy 
efficiency.  
 
The bioclimatic and geographic characteristics of 
Cantabria form an optimal scenario for the development 
of forest species. The Cantabrian forests suppose more 
than 2/3 of its territory, where almost 60% of them are in 
use. This supposes a great forest surface that is still 
susceptible of growing in an important way. 
 
Table 1. Forest surface in Cantabria [3]. 
Use Hectares (Ha) 
Forest with trees 209,611 
Forest without trees 145,201 
Total forest 359,458 
Total Cantabria 532,139 
Eucalyptus 29,513 
 
In 2000, the first damage of the disease called 
Mycosphaerella sp. appeared in youth plantations of 
Eucalyptus Globulus in the North of Spain. It causes very 
important losses of leaves in the trees, causing great loss 
of biomass.  
 
Figure 1 shows a stand of Eucalyptus globulus, in its 
youth period, which has not been affected by the attack 




Figure 1.- Stand of Eucalyptus globulus not affected by 
the fungus. 
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This plague causes a great loss of biomass in the forest, 





















Figure 2.- Stand of Eucalyptus globulus affected by the 
Mycosphaerella sp. 
 
Due to the short rotation period of the energy crops of 
Eucalyptus, this loss of growth is even more important 
because affects the youth development of this species.  
 
The objective of this work is to determine how the energy 
density varies in a plantation of Eucalyptus Globulus 
depending on the severity of the disease.  
 
In this way, it has defined an index of total damage 
depending on the severity of the disease, which identifies 
losses in biomass. These losses are divided into types: 
leaves, branches and bark. 
 
Combining these losses with the calorific value of the 
components that form the biomass generated by this 
species, a relationship between the damage and loss of 




The materials used can be divided into two groups, those 
related to energy aspects and those related to forest 
aspects. In the first group, there are a precision 
calorimeter, model IKA C 5000, a precision balance used 
to weigh samples and a moisture meter. As materials for 
forest studies, it can be highlighted the hipsometer laser 




The experimental design of all tests consists of complete 
blocks of a tree with 25 repetitions. Trials of the same 
series contain the same genetic material for two different 
seasons. We have assessed the physical parameters of all 
trees that are described in Table 2.  
 
 
Table 2. Measurement period of various physical 








Severity 18 26 
Height 21 19 







Severity 12 and 25 12 
Height 16 27 
Volume 27  






Severity 17 7 and 13 
Height   
Volume   
 
The total volume, with bark, was calculated with the 
method described by [4] for the eucalyptus in northern 
Spain. The method is based on the total height and the 
diameter of the tree.  
 
The severity (percentage of leaf affected) of the disease 
called Mycosphaerella has been evaluated using the 
method described in [5]. This severity assessment has 
been added to the defoliation assessment in the case of 
the stand of Herrerías (25 months old), because of the 
extensive damage that it suffers. In this case, for the 
calculation of the loss of leaf area or overall damage 
index, the severity of the disease in leaf area on the tree 




DIndex  Damage Overall
DS −∗
+=  (Ec. 1) 
where: 
 D is the % of defoliation 
 S is the % of severity 
 
Once the severity percentage and the damage index has 
been determined, these variables are related to the 
volume at the age of 27 months.  
 
Taking into account the method proposed by [6], using 
diameters and heights, the percentage of each fraction of 
the tree can be determined, and then the energy loss per 
hectare is compared to the energy density of the stand not 
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4. Results 
 
Table 3 shows the gross calorific value of the different 
components that compose the biomass of a tree of E 
globulus [7] to maximum humidity, throughout the year. 
In this calorific value, the large concentration of volatile 
elements and aromatic substances has a decisive 
influence. These exist in the different parts of the tree, 
but especially in the leaves, with calorific values over 
40,000 kJ / kg [8]. This feature gives to the genus 
Eucalyptus better behaviour from the energy point of 
view, than other tree species that could be used as energy 
crops (Poplar, willow,…).  
 
Table 3. Annual gross calorific value (kJ/kg) of the four 
different parts of the Eucalyptus globulus (Age: 2-3 








Combining heat analysis, with the loss of biomass due to 
Mycosphaerella sp. for different severity degrees of this, 
the paper will offer the loss of energy per area unit in 
Eucalyptus stands. 
 
The loss of biomass compared with the overall damage 
index, for trees 27 months old, is presented in Figure 3. 
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Figure 3.- Total weight of biomass versus overall damage 
index. 
 
The variation, in kilograms of biomass produced, 
between a stand with a overall damage of 0% and other 
with a overall damage of 65% could be around 8 kg per 
tree. Considering that the stand has a density of 2,500 
trees per Ha, the total loss of biomass could be 
approximately 20 tonnes per Ha. 
 
This dry biomass can decompose in the fractions it 
consist of, leaves, branches, wood and bark.  
 
In Figure 4, the loss of leaves depending on the overall 
damage index at 27 months of age, is shown. As a result 
of this loss leaves with increasing severity of the disease, 
the quality of the fuel decreases, since is this part of the 
tree the one that has the highest calorific value. 
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Figure 4.- Weight of leaves versus overall damage index. 
 
Similarly, Figures 5 and 6 show the loss in weight of the 
wood with bark and the branches for trees 27 months old. 
It is noted that for rates of damage higher than 65%, the 
weight of wood with bark can be three times lower than 
with rates of damage near zero. 
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Figure 5.- Weight of wood and bark versus overall 
damage index. 
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Figure 6.- Weight of branches versus overall damage 
index. 
 
Figure 7 shows these losses translated to energy units, MJ 
per Ha, for a 27 months old stand.  
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Figure 7.- Energy losses per surface unit  versus overall 
damage index. 
 
It is remarkable that when the overall damage index is 
higher than 60%, the losses reach values around 
150,000MJ/Ha. 
 
Considering that the electrical energy generated from this 
kind of biomasa is regulated by specific legislation [8] 
and, if the electrical performance of the power station is 
20%, these losses will reach approximately 1200 €/Ha for 
trees 27 months old. 
 
These results will determine the options and strategies to 
be followed in the future for the genus Eucalyptus as 




The adoption of a forest species to obtain energy involves 
not only its knowledge from energy point of view, but 
also from the forestry perspective. 
 
In northern Spain, the damage caused by the foliage 
disease called Mycosphaerellla sp threaten the viability 
of using forest species such as Eucalyptus globulus for 
energy production systems in short rotations.  
 
In the future, species that are adapted to this new scenario 
of forest production should be considered. The key would 
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